Estimates suggest that 8-10% of parturients are morbidly obese. The care of these women is particularly challenging because coexisting disease(s) often complicate(s) obstetric and anesthetic management. Although there are no pregnancy-specific definitions of obesity, 1 for purposes of this review we will consider pregnant women obese when the body mass index (BMI) is greater than 30 kg/m 2 . Morbid obesity is typically described as a BMI greater than 40 kg/m 2 .
Maternal Mortality
More importantly, obesity is an important risk factor for anesthetic-related maternal mortality. 2, 4 Although there have been longstanding concerns about the risk of maternal mortality with general anesthesia for CS, there are emerging concerns about complications related to neuraxial anesthesia, and to postoperative complications in the obese. A review by the Doctors Company of 22 anesthesiology claims that were filed after maternal arrests on labor and delivery wards between 1998 and 2006 revealed morbid obesity as a significant risk factor for maternal arrest. 5 Outcomes of the 22 patients were poor, with only one patient leaving the hospital neurologically intact. Of the others, 10 of 22 patients died and 11 had anoxic brain damage. Thirteen of the arrests were related to respiratory arrest after spinal for CS (n ¼ 5) or labor epidural (n ¼ 8 with unintended subarachnoid placement) placement. Of these cases, morbid obesity was documented in three out of the eight labor epidural cases and in one of five CS. Resuscitation of the mother was delayed in 7 of the epidural cases because of a lack of airway equipment in the labor room or a delay in transfer of the patient to the operating room (OR).
A state review of 855 maternal deaths in Michigan between 1985 and 2003 revealed eight of these deaths were anesthesia-related and seven were anesthesia-contributing. 6 Among the anesthesia-related deaths, six of the patients were obese. None of the deaths occurred during induction of anesthesia; however, hypoventilation and airway obstruction occurred during emergence or recovery. More than half of the deaths resulted from lapses in postoperative monitoring and inadequate supervision by an anesthesiologist.
In the latest triennial report of maternal deaths in the United Kingdom between 2003 and 2005, over half of the 295 women who died were ''overweight or obese'' 7 Fifteen percent of the women who died had a BMI recorded of 35 or above, with half of these having BMIs exceeding 40. Among the six maternal deaths attributed directly to anesthesia, four were obese, two with a BMI greater than 35 . Three of the patients suffered from complications of postoperative respiratory failure. In 31 other cases, poor perioperative and anesthetic management likely contributed to death. Again, obesity was a relevant factor.
CLINICAL MANAGEMENT

Obesity and Physiologic Changes of Pregnancy
Implications for Preoperative Assessment and Anesthetic Planning. Both pregnancy and obesity lead to physiologic changes in multiple organ systems that can lead to profound functional impairment, decreased physiologic reserve, as well as obstetric and anesthetic complications. In an ideal world, an anesthesiology consultation would be obtained early in the third trimester to ensure proper evaluation and development of an anesthetic plan. In reality, despite the American College of Obstetricians and Gynecologists recommending anesthesiology consultation for obese women who are pregnant or planning a pregnancy, 1 most patients will be seen for the first time on the labor and delivery ward.
Airway: The airway undergoes important changes during normal pregnancy and the effects of obesity are additive. Obesity and pregnancy each increase the risk of difficult intubation. The incidence of failed tracheal intubation is estimated to be one in 280 in the obstetric population compared with one in 2230 in the general sur-gical population. 8 Similarly, a 6-year review of obstetric cases of failed intubation in the United Kingdom revealed 36 cases of failed intubation occurring in 8970 obstetric general anesthetics (incidence 1:249). 9 The average BMI of these patients was 33 . A careful airway examination should be completed immediately before any anesthetic procedure as this examination is known to change during labor. In a recent evaluation of airway changes during labor, there was a significant increase in airway class from prelabor to postlabor. 10 Thirty-eight of 61 parturients developed a class 3 or class 4 airway that was independent of duration of labor or fluid administration.
The airway examination should include assessment of neck circumference, Mallampati score, mouth opening, dentition, thyromental distance, neck mobility, and the ability to sublux the lower teeth beyond the upper teeth. Pregnancy increases mucosal edema of the nasopharynx, oropharynx, and larynx but preeclampsia, upper respiratory tract infections, stridor, and voice changes are all indicators of airway edema (see Supplemental Digital Content 3, http://links.lww.com/ASA/A9). Difficult laryngoscopy and failed intubation in obstetric patients have been associated with the factors listed in Table 2 11 (see Supplemental Digital Content 4, http://links.lww.com/ASA/A10). The importance of proper patient positioning for airway control before induction of anesthesia for CS cannot be overemphasized.
Respiratory: The respiratory system is challenged in pregnancy but even more so when the parturient is obese. Pulmonary mechanics, lung volumes, functional residual capacity (FRC), oxygenation, and ventilation are altered in these individuals. Chest wall compliance decreases because of increased weight of excess adipose tissue. Respiratory work and oxygen consumption are increased.
In these patients, oxygen consumption increases in direct proportion to excess adipose tissue. Although pulmonary diffusion is normal in these individuals, excess abdominal weight and decreased chest wall compliance lead to an increased closing volume. Consequently, supine and Trendelenburg positioning can lead to deterioration of lung volumes and further reductions in FRC. FRC may fall below closing volume-promoting small airway collapse, atelectasis, ventilation perfusion mismatch, and hypoxia, especially with supine and Trendelenburg positioning. It is often helpful to measure the oxygen saturation in the sitting and supine positions to indicate the degree of pulmonary reserve (see Supplemental Digital Content 5, http://links.lww.com/ASA/A12). The physiologic demands of pregnancy and obesity as well as reduced FRC reduce the period of time available for direct laryngoscopy and intubation before hypoxemia ensues.
Although the prevalence of obstructive sleep apnea (OSA) in pregnancy is unknown, OSA is likely more common in the morbidly obese parturient. In many cases, this disorder is undiagnosed. 12 Diagnosis during pregnancy may be difficult because sleep disturbance and daytime fatigue are common during pregnancy, especially near term. The signs and symptoms of OSA are listed in Table 3 . Prompt diagnosis by polysomnography and treatment with continuous positive airway pressure may be beneficial to reduce postoperative respiratory complications.
Cardiac: Hypertension, ischemic heart disease, dilated cardiomyopathy, heart failure, and pulmonary hypertension can complicate the care of these patients. Obesity and pregnancy are associated with increases in circulating blood volume, pulmonary blood volume, stroke volume, and cardiac output. These cardiovascular changes contribute to worsening of the baseline comorbid condition.
The excess weight of the uterus and abdominal wall can compress the vena cava, causing decreased cardiac preload, reflex tachycardia, and decreased cardiac output. Two cases of cardiac arrest have been reported after supine positioning in nonobstetric morbidly obese patients. 13 A change to the supine position likely contributed to the circulatory changes resulting in these arrests.
A preoperative history and physical examination focused on signs and symptoms of cardiovascular disease, may be helpful in screening these patients. Twelve-lead electrocardiograph and a chest radiograph may be indicated. Cardiology consultation before labor and delivery may be useful in women with a BMI greater than 35 who have a preexisting cardiovascular condition 1 (see Supplemental Digital Content 6, http://links.lww.com/ASA/A13).
Gastrointestinal: Frequency of gastroesophageal reflux is strongly correlated with increasing BMI. 14 Although hiatal hernia is more common in obese individuals compared with the nonobese, it is unknown whether the effects of obesity are additive with pregnancy in reducing lower esophageal sphincter tone. However, a recent study of nonpregnant individuals with reflux evaluated the relationship between BMI and acid exposure as well as lower esophageal sphincter status. 15 Increased BMI was associated with an increase in esophageal acid exposure and lower esophageal sphincter dysfunction. Wong et al. 16 studied the gastric emptying and gastric measurements in obese, term, nonlaboring pregnant volunteers to determine whether compliance with ASA preoperative fasting guidelines (i.e., clear liquids up to 2 hour before surgery) 17 was reasonable in obese pregnant patients undergoing elective CS. The investigators concluded that gastric emptying was the same after ingestion of 300 mL compared with 50 mL, and gastric antral volume was the same 60 minutes after ingestion of 300 mL of water as after baseline fasting. Obesity remains a risk factor for aspiration during CS because of increased acid production and reduced lower esophageal sphincter tone (see Supplemental Digital Content 7, http://links.lww.com/ASA/A14).
Obesity remains a risk factor for aspiration during CS because of increased acid production and reduced lower esophageal sphincter tone.
Endocrine: Diabetes mellitus and gestational diabetes are frequent in morbidly obese parturients. Diabetes and obesity increase the risk for fetal macrosomia and obstetric complications. Women with gestational diabetes will usually not require insulin during labor, whereas women with preexisting type 1 or drug-treated type 2 diabetes will require careful monitoring and adjustment of insulin (see Supplemental Digital Content 8, http://links.lww.com/ASA/A15).
Coagulation: Hypercoagulability results in venous thromoboembolism and is a leading cause of maternal mortality.
ANALGESIA FOR ANTICIPATED VAGINAL DELIVERY
Neuraxial techniques are preferred for analgesia in morbidly obese parturients. Parenteral opioid and inhalation techniques can be used but often at the expense of maternal drowsiness, airway obstruction, and hypoxemia. Epidural techniques provide excellent pain relief with the benefits of reducing oxygen consumption and attenuating increases in cardiac output. As these patients are at risk for CS, an epidural catheter placed for analgesia can be easily redosed to provide surgical anesthesia in the event of CS, avoiding the risks of general anesthesia. Early catheter placement is helpful in the obese parturient since successful placement of neuraxial catheters can be time-consuming and technically more challenging. The quality of the analgesia produced after placement of an epidural catheter must be rigorously assessed to ensure that the epidural catheter can The block should be bilateral and almost perfect.
Every provider should ask the question, ''Can I use this epidural for cesarean delivery?'' Studies suggest that obese patients require more catheter replacements, have a greater risk of failures, and more frequent accidental subarachnoid catheter placements compared with nonobese parturients. Hood and Dewan 3 showed a high rate of success when catheters were carefully evaluated and replaced early. In their series, only one of 55 patients required conversion to general anesthesia because of inadequate epidural anesthesia.
Preparation
Preparation should include adequate intravenous access early in labor. Central venous puncture may be necessary when peripheral veins of adequate caliber cannot be cannulated. Blood pressure (BP) monitoring may be troublesome in these patients. One must use a cuff of the appropriate size to obtain accurate BP measurements. If the BP cuff is too small, the BP reading will be overestimated. The forearm can be used if the upper arm is too large or it is not cylindrical in shape. In some cases, an arterial line will be necessary to accurately determine the BP and obtain arterial blood gases in patients with respiratory compromise.
Positioning
The sitting position is recommended to assist with identification of the midline during epidural or spinal puncture. The patient's back should be parallel to the edge of the bed to help in identifying the midline. Anatomic landmarks are often obscured in these patients. If spinal processes cannot be appreciated with deep palpation, a line can be drawn from the cervical vertebral spinal process to the uppermost portion of the gluteal cleft. This line marks the midline of the patient over the vertebral column. Ultrasound imaging can also be helpful to identify spinal processes 18 (see Supplemental Digital Content 9, http://links.lww.com/ASA/A16). The iliac crests may also be difficult to appreciate. However, one can use the skin indentation from the fetal heart rate monitor belt as a guide. This belt usually rests on the iliac crests over the Tuffier line. By drawing a perpendicular line from the cervical spinal processes down to this line, the intersection point is a reasonable spinal or epidural needle insertion guide.
Identification of the Epidural Space
In many cases it is difficult to predict the depth to the epidural space but, the depth often positively correlates with BMI. 19 Ultrasound can also be used to determine the depth of the epidural space. A long 25-gauge needle can be used for infiltration of local anesthetic and to identify spinal pro-cesses. To determine whether needle placement is midline or lateral, the patient is often helpful in directing the needle to the midline. Failure of midline placement increases the depth to the epidural space and chance of catheter malposition. 20 In most cases, standard neuraxial needles (9-10 cm) are usually of sufficient length. Longer needles (16 cm) are sometimes needed in extremely obese parturients but they should only be used when a standard needle is inadequate.
CSE Labor Analgesia
Combined spinal-epidural (CSE) labor analgesia is one alternative to conventional epidural analgesia, however there is concern that the epidural catheter is ''unproven'' during the duration of spinal analgesia. Although CSE catheters fail at similar rates compared with conventional epidural catheters, 21 delayed recognition of a nonfunctional epidural catheter is a disadvantage of this technique. However, even if the patient does not receive a ''spinal dose'' during CSE placement, the return of cerebral spinal fluid (CSF) in the spinal needle is confirmation of appropriate needle placement.
Dosing and Infusions
Epidural analgesia for labor should ideally provide pain relief with minimal motor blockade. This is most often accomplished with dilute local anesthetic and opioid solutions. However, these opioid-laden solutions can mask a malpositioned epidural catheter because opioid administration by any route produces pain relief. Therefore, practitioners will often initiate the block with only local anesthetic to document a bilateral block before adding opioid to the epidural solution (see Supplemental Digital Content 10, http://links.lww.com/ASA/A19).
Catheter Dislodgement
Catheter dislodgment is another potential problem. Before the epidural catheter is secured, the patient should assume an upright sitting position then a lateral position. 22 As the ligamentum flavum has a mild grip on the epidural catheter, repositioning allows the epidural catheter to be pulled into the subcutaneous fat, sometimes by several centimeters. My preference is to insert the catheter 5 cm into the epidural space while the patient is in the sitting position. Before taping, the patient moves to a lateral position. The catheter is subsequently taped in place without adjusting the catheter.
Accidental Dural Puncture
In cases of accidental dural puncture, catheters may be threaded into the subarachnoid space for continuous spinal analgesia. Although there have been suggestions that obesity reduces the risk for postdural puncture headache, routine use of spinal catheters is not recommended as accidental administration of an epidural dose of local anesthetic through the spinal catheter increases the risk of a high spinal, respiratory compromise, and loss of the airway in a labor room. When accidental dural puncture has occurred, these catheters will provide effective analgesia during labor. In addition, more concentrated local anesthetics can be administered to extend blocks for CS. However, higher levels of spinal anesthesia may result after administration of the same dose from reduced CSF volume in morbidly obese parturients. 23 Large buttocks may also increase cephalad spread.
ANESTHESIA FOR CS
Obese parturients have a two-to-threefold greater likelihood of CS compared with nonobese parturients. 2 Although the use of general anesthesia for CS has decreased in the last two decades and deaths attributed to anesthesia have decreased, obesity and CS remain independent risk factors for maternal morbidity and mortality. 2 Goals of anesthetic management are listed in Table 4 , but do not differ from those of any other parturient undergoing CS.
OR Considerations
Transport gurneys should be adequate for the size of the patient. Weight limits of standard OR tables range from 130 to 160 kg. However, some newer tables will support up to 360 kg. It may be necessary to extend the width of the table with side extensions or with arm boards placed along the sides of the OR table. Adequate padding should be used to protect the patient from direct contact with metal or other rigid components of the OR table. If the maternal weight exceeds the capacity of the OR table, the surgery may be performed on a hospital bed, with the understanding of all the difficulties that will be imposed on the surgical team. Patients must be properly secured so that left uterine displacement can be achieved.
Surgical Considerations
A panniculus in a morbidly obese patient may weigh more than 70 kg. Therefore, it is an important surgical consideration with respect to the surgical approach. In such cases, the panniculus must be retracted to permit exposure of the surgical field. The panniculus can either be retracted caudad to permit a vertical incision above, retracted cephalad to permit a transverse incision, or retracted vertically. The latter technique is most easily accomplished with a vertical hoist such as is often available in ORs where abdominoplasty procedures are performed. However, the force exerted on the upper abdomen and chest can compress the inferior vena cava and decrease respiratory compliance. Regardless of the surgical approach, the uterus must be displaced adequately, to avoid aortocaval compression.
Positioning for Airway Management
Mindful positioning improves one's chances of success in these patients regardless of the primary anesthetic technique. Before attempts at intubation, obese patients should be placed in a ramped position with the shoulders elevated to allow the breasts to fall away from the neck and chin. 24 To achieve the ramped position, blankets are placed under the chest and head to facilitate horizontal alignment between the external auditory meatus and sternal notch. This positioning allows easy access to the airway and facilitates placement of a laryngoscope (short-handled), if general anesthesia becomes necessary. As neuraxial anesthesia has been associated with a significant decrease in tidal volume 25 a 30-degree head-up position may improve respiratory mechanics and oxygenation.
Anesthetic Plan
Spinal (single-injection or continuous), epidural, CSE, and general anesthesia are all acceptable techniques for CS. However, the choice of technique is dependent on the clinical situation. For example, a woman with severe asthma may not be able to tolerate a neuraxial block and/ or prolonged surgical procedure. Knowledge of the surgical team's skill level and anticipated operative time will guide decisions about anesthetic choice. Communication with the surgeon is important to explore whether there are any other factors that might make the surgery even more difficult. Finally, we must honestly consider the likelihood that our own skills are up to the tasks at hand.
Spinal Anesthesia
Spinal anesthesia is the most common form of anesthesia used for CS. It is a reasonable approach in obese parturients provided one is mindful of concerns about technical difficulties, exaggerated spread of local anesthetic, hemodynamic compromise, and an inability to prolong the block. Spinal anesthesia is reasonable if the airway examination is normal, there is no cardiorespiratory disease, and the surgery is expected to be less than 90 minutes. It is often easier to identify the epidural space with a large gauge stiff epidural needle compared with a smaller flexible spinal needle so that the epidural needle can act as an introducer.
Most agree that there is little evidence in the literature to suggest that there is an exaggerated spread in obese patients for a given amount of local anesthetic. Continuous spinal anesthesia offers the benefits of a single-injection spinal (i.e., reliability, density), 26 however, reports of routine use are lacking.
Epidural Anesthesia
Epidural anesthesia offers several advantages over singleinjection spinal anesthesia including incremental dosing of local anesthetics, ability to prolong the block, ability to control the degree of motor block, more controllable hemodynamic changes, and the possibility of the catheter being used for postoperative analgesia. However, a multicenter prospective observational study found that epidural anesthesia failed more often than spinal or CSE techniques. 27 Increased maternal BMI was significantly related to failure of neuraxial techniques.
Hodgkinson and Hussain 28 showed that the height of an epidural block for a given volume of local anesthetic is proportional to BMI and maternal weight but not height. Incremental dosing of local anesthetics may reduce the risk of hypotension and excessive extent of block.
CSE Anesthesia
CSE offers advantages in cases in which the surgical duration is unclear by providing rapid onset and dense blockade with the flexibility of prolonging the anesthetic. However, one potential disadvantage is an untested epidural catheter.
General anesthesia should be avoided if possible. Hood and Dewan 3 found that one-third of morbidly obese parturients were difficult to intubate versus none in the nonobese control group. The anatomic changes produced by both pregnancy and obesity increase the risk for difficult intubation, rapid desaturation, and hypoxia during periods of apnea. The urgency of the obstetric situation must be weighed against the risk of general anesthesia. If general anesthesia is necessary, additional experienced personnel and difficult airway equipment must be available. In all cases, proper positioning of the neck, shoulders, and chest is imperative and the key to successful intubation.
In all cases, proper positioning of the neck, shoulders, and chest is imperative and the key to successful intubation.
In some cases, an awake fiberoptic intubation may be the safest option but it poses its own problems. Nasal intubation should be avoided due to mucosal engorgement and risk of hemorrhage. Hypertension and catecholamine release can adversely affect uterine blood flow. 29 Finally, fiberoptic intubation can be difficult and time consuming.
If the patient's airway appears normal, a rapid sequence intubation in a ramped position can be performed after denitrogenation. Verification of endotracheal intubation can best be accomplished by detection or measurement of carbon dioxide in exhaled gas. If intubation is unsuccessful, a failed intubation drill should be instituted immediately. 30 The goal of failed intubation management is to ensure maternal oxygenation despite concerns of fetal well-being or aspiration. Mask ventilation may require several people, one to continue cricoid pressure, a second to institute jaw-thrust, and the third to squeeze the bag and monitor the patient. Repeated attempts and additional succinylcholine may be detrimental but a laryngeal mask airway can be lifesaving. 31 In morbidly obese parturients, there are further reductions in FRC due to supine positioning, use of volatile anesthetics, muscle relaxants, and retraction of the panniculus. 32 This leads to early closure of small airways and hypoxemia. Increased tidal volumes, high-inspired oxygen concentrations, reverse Trendelenburg positioning, and positive end-expiratory pressure 33 have been used to maintain oxygenation and ventilation. However, use of positive end-expiratory pressure can worsen cardiac output and oxygen delivery to the fetus. Titration of nondepolarizing muscle relaxants is reasonable if muscle relaxation is needed for a longer interval than that provided by an intubating dose of succinylcholine. Although the induction of anesthesia was previously reported to be the most critical time during anesthetic administration in parturients, more recent reports suggest that emergence, extubation, and recovery are the most critical periods of anesthetic care in the obese parturient. 6 Although the induction of anesthesia was previously reported to be the most 
POSTOPERATIVE CARE
Morbid obesity increases the likelihood of postoperative complications. Goals of effective postoperative care should be aimed at enhancing pulmonary function and preventing venous thrombosis. Early ambulation and effective postoperative pain control are helpful in preventing complications.
Opioids can be administered either neuraxially or parenterally but epidural morphine administration in the morbidly obese has been shown to result in earlier ambulation, fewer pulmonary complications, and shorter hospital stay compared with parenteral morphine administration. 34 Multimodal analgesic techniques (e.g., nonsteroidal anti-inflammatory agents) should be used to decrease total opioid requirements. 35 As obesity and postoperative respiratory complications have been identified as significant risk factors for anesthesia-related mortality, 6 respiratory monitoring must be vigilant. The American Society of Anesthesiologists has published recommendations for the care of patients with OSA although they are not pregnancy specific. 35 Table 5 provides recommendations for postoperative monitoring. 35 
SUMMARY
A complete understanding of the physiology, pathophysiology, comorbidities and their implications for analgesia and anesthesia in morbidly obese parturients should lead to improved safety and anesthetic care. Communication among the anesthesiologist, obstetrician, nursing staff, and patient is imperative in caring for these patients. The mother's life should not be endangered to save a compromised fetus! 36 
